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AN HISTORIC SURVEY OF AMERICAN BUILDING CONSTRUCTION SYSTEMS
by
Leonard G. Haeger, A IA *

Since wood was at once the most abundant and easily worked
material in the new country, it was destined to become America’s
principal building material to be used in a linear wood construction
system.
The English framed system, as built in New England, con
sisted of large vertical timber framing members, spaced about
12 feet apart, running from bottom plate to top plate. At the inter
mediate floor levels, large horizontal timbers were joined to the
verticals with mortise and tenon joints. Few nails were used; the
joints were secured with wood dowels. The vertical framing mem
bers ranged in size from about 5 inches X 5 inches to as large as
12" X 14" . All members were either hand adzed or hand sawn to
shape. Sometimes the vertical members were shaped to provide
the well known second story overhang. The roof was framed by
placing the principal rafters over the main verticals, with a few
widely spaced smaller members in between. Horizontal purlins
held the whole roof frame together. The resulting building frame
consisted of heavy structural members with smaller structural
members in between. The roof frame was covered with boards
to receive roofing slates. More often, closely spaced wood pur
lins became the base for wood shingles, often fastened with wood
pegs. Nails, spikes and bolts were used sparingly since aU of
these metal fasteners had to be made by hand in a blacksmith shop.
This linear system resulted in buildings such as the first build
ing at Harvard in 1638. In its waU frame, intermediate framing
members were used between the main verticals, and the whole was
covered over with wood sheathing and horizontal siding. Floors
were built with small wood beams about 24" o .c . and covered over
with wide floor boards.
Meanwhile, in Virginia and in Pennsylvania, another system
of construction was being developed. It used masonry bearing
walls, of either brick or stone, with wood framed floors and roofs.
The masonry walls were a minimum of 12" in thickness; often
they were as much as 30" . Stone was quarried locally; the brick
was made adjacent to the building site. Excellent examples of
this system are to be found in Williamsburg, Virginia.
Important examples of the masonry wall bearing, wood floor
and wood roof framing system are the Capitol and the Governor’s
Palace, both built in the period of 1705-1720. A distinguished
example of the wood English frame is found in the St. George
Tucker house, also in Williamsburg.
An unique building system of the early French settlers must
be noted. The French were colonizing from two directions: from
Quebec across the Great Lakes and down the Mississippi; and
from New Orleans up the Mississippi to St. Louis. Along these
French routes we find a system of construction called the “ palisado. ’ ’ Logs cut about 9" square were placed vertically in a trench
cut in the ground. The Courthouse in Cahokia, Illinois, originally
built in 1750, is an example of this system. The tops of the logs
were joined together with a horizontal wood ribbon; the spaces
between the logs were filled with chips and mortar; the interior
was covered over with wood lath and plaster.
All of us are familar with the history of the Spanish coloniza
tion of California and the Southwest. The Spanish used a thick
adobe masonry wall system in their buildings - sometimes plas
tered, often left unplastered. These adobe structures, whether
home, mission or public building, had a simple wood roof system,
often framed in round, untrimmed logs. Our California mission
churches are good examples. A more complex structure is the
Church of San Xavier del Bac in Tucson, Arizona.
The cabin of horizontal logs was the classic building system
of the frontier. The system was introduced into Deleware by the
Swedes. It was not used by the English, Dutch and French settlers
simply because they were unaware of its existence. This system
provided a speedy method of construction for temporary buildings
in the period when logs from the forest were abundant. However,

George Santayana once wrote, “ Those who cannot remember
the past are condemned to repeat it. ’ ’ In this day when many new
systems are being proposed, an historical review of the past
should made it possible to learn much from the past and thus avoid
duplicating some of the most glaring mistakes.
Definitions are necessary for clarity. First, a building con
struction system is a formal scheme or process which governs
the organization and arrangement of objects and materials into a
regular and definite program of planning, designing, ordering and
building. Prefabrication is simply the assembly, either at the
building site or in a factory, of smaller parts into a larger com
ponent.
Industrialization implies the use of a variety of labor saving
tools and techniques into a planned process; a continuing market
making high production of a repetitive character possible; and a
continuing research and development effort. Little capital is re
quired for simple prefabrication; large sums are needed for in
dustrialization.
A simple, satisfactory categorization of building systems is
in terms of their dimensional characteristics. Thus, the one
dimensional, or Type I, system is linear and makes use of col
umns, posts, beams, studs, joists, and boards. This is the con
ventional, traditional on-site building system. The two dimen
sional, or Type n, system is the familiar panelized system.
Panels may be used to make walls, floors, roofs, and celings.
The panels may be wood, steel, aluminum or precast concrete.
More sophisticated engineering may result in stressed skin panels
using a variety of core materials. The three dimensional, or Type
HI, systems are the volumetric, and may be of wood, metal, con
crete, or a combination of these. In housing systems, the three
dimensional system is called modular housing. The four dimen
sional system is a category of recent invention. It has been called
“ land in the sky. ’ ’ It consists of adding significant amounts of
outdoor space to a multi-storey structure through the use of pedes
trian walks, malls and outdoor gardens. Thus, a multi-storey
structure on a fairly modest site could be planned to have five or
more times the outdoor space as did the original site.
The early settlers in this country, wherever they came from Britain, Spain, Holland or France - brought with them a rich
tradition in building - a tradition based upon the handicraft building
systems of 17th and 18th century Western Europe. They were
systems based upon craft skills and local, traditional building ma
terials. As early as 1573, Philip n of Spain directed his prospec
tive founders of new towns to select “ . .a n elevated place where
are to be found health, strength, fertility, an abundance of land
for farming and pasturage, fuel and wood for building . . . "
Thus, under the dual requirements of materials and craft (for
there were many skilled craftsmen among the early settlers) it
could be expected that the first permanent structures would be
extensions of contemporary European systems.
Our survey begins with the Pilgrims in New England in 1620.
The first winter, they built crude, tentlike structures, using bent
pole frames, lashed together and covered with skins and bark. It
is not surprising that only half survived that first winter. But the
Puritan movement was to gain great momentum, and by 1634 some
ten thousand had settled in New England. They built and lived in
simple, wood framed, one room thatched cottages. The exterior
walls consisted of wide, horizontal boards fastened to the wood
frame with wood pegs. Unlike the story in our highschool history
books, they did not build log cabins - simply because they were
not familiar with this building system.

*School of Architecture and Environmental Design, California
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in the towns and villages, with their ample supply of carpenters
and other skilled craftsmen, it was soon easier to build a wood
frame house or one in masonry.
These were our early American systems. We entered the
19th century with two principal building systems: the wood framed
and the masonry. Both are linear systems.
An important date in the history of building was 1833 - the
date of the invention of the balloon frame, one of A m erica’s great
contributions to innovation. This is the now familiar 2" X4" stud
system consisting of many thin verticals placed 16" o .c . and held
together by a thin ribbon at top and a plate at the bottom. The
entire system is dependent upon nails and nailing for its integrity.
The essentials of the system and how it was put together are
both simple. Two related events made the system possible: first,
the development of steam powered sawmill machinery; second,
the development of machinery which made the mass production of
nails possible. George Washington Snow is credited with the first
balloon framed structure— St. Mary’s Church in Chicago in 1833.
In furniture, you will recognize that the Windsor chair paral
lels the balloon frame in its use of thin structural members to
produce a light, strong construction.
Later, in those places where stone was used as a building
material, stone walls were to be treated with great simplicity.
An example is the granite wall in the Union Wharf Warehouse,
Boston, 1846. A ll of the posts and lintels were precut to size at
the quarry.
Today’s skeleton construction system had its beginnings as
early as 1848 when James Bogardus began substituting cast iron
columns for the exterior masonry bearing walls. Bogardus’ ad
vertisement for his system humorously showed the great resistance
of cast iron construction. Whole sections of the walls purportedly
could be removed without collapse of the structure. One of his
best known buildings in cast iron was executed for the publishing
firm of Harper & Brothers, New York, in 1854.
Another splendid example of the cast iron construction sys
tem is to be found in a five storey office building built in St. Louis
in 1877. Large glass areas gave it an almost contemporary archi
tectural character.
However, the masonry wall bearing system did not die easily.
H.H. Richardson continued the tradition of the massive wall-bearing
stone structure in the Marshall Field store, Chicago, 1885.
A transition into lighter brick masonry bearing walls is to be
seen in the Leiter Building, Chicago, 1879. Massive brick pillars
appear in the exterior walls; cast iron columns in the interior
bays.
Mass production of steel by the Bessemer process began in
1855, and by the 1880s we see rolled steel sections being used to
make steel framed buildings. The steel skeleton of Jenny’s Fair
Building, Chicago, 1891, is an excellent example of the period.
Meanwhile, wood prefabrication of two dimensional panelized
systems was thriving. In 1848-49, five thousand panelized wood
houses were shipped out of New York, around Cape Horn to San
Francisco, to help solve the housing shortage created by the Gold
Rush. A page out of the 1864 catalog of Skillings and Flint, pre
fabricators of Boston, shows a house using a four foot wide wall
panel made with wood stiles and rails and a wood infill. This
firm had a complete two dimensional system more than a hundred
years ago.
The latter half of the 19th century is better known fo r great
advances in the manufacturing processes for building materials
than in the development of systems. Steel, cement, lumber,
brick, and glass are examples of materials which became the end
products of newly mechanized processes. The general business
expansion which followed the Depression of 1870 provided a ready
market for building materials, and almost all efforts were spent
on improving existing products and existing systems.
One exception to this broad generalization was in the develop
ment of reinforced concrete system s. These systems were to
progress from huge, simple structures such as the flat slab ware
houses in Chicago in the early 1900s to the beginnings of highly
sophisticated structures. But concrete systems were to pause,
as did almost everything else in its development during the Great
Depression of 1929-33.
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By 1936, the weU known industrialist, Albert F. Bemis, was
talking and writing about industrialization of housing and the
“ rational house. ” There was a great rash of ideas for new sys
tems, all calculated, in the minds of the proponents, to reduce
on-site labor, time, and building costs; result in better structures;
and carry forward the philosophy of industrialization. Bemis’
book recorded the systems available in 1936. Let’s note some of
them.
The Aluminaire system was a one dimensional column and
beam system with ribbed panels in aluminum making walls and
roof.
The Armco system was a two dimensional system in steel.
Walls and floors were made of interlocking channels and “ Z ” s.
The elements of this system still exist in Arm co’s industrial
metal buildings.
An early modular or volumetric system was Buell. Each
module was 10' 0" X 19* 0", built in a factory and transported to
the site. The module had a steel frame covered with wall panels
of steel. Three modules made a house.
In the late twenties, Buckminster Fuller proposed what he
called a “ Dymaxion House. ” It was to have a central mast; steel
guys hanging from the top supported a tubular floor beam system.
Additional guy wires were tied back to the ground. The walls were
to be double skins of plastic with a vacuum between. The house
was never built; but second and third generation models were built
in Kansas City and Wichita.
Thomas A. Edison had a system for producing low cost houses
in concrete. The special features of the system related to the use
of cast iron forms and the method of pouring. First, the foundation
and floor slab were poured. Next, the forms were assembled on
the slab, opposite form s being spaced and held together by bolts.
The forms included finished doors and window fram es, electrical
conduits, plumbing and all the necessary grounds for the finishing
operations. The top of the form structure included a centrally
located funnel into which the concrete was poured and then dis
tributed in the form . The obvious shortcoming of the system was
the high cost of the form s.
The original stressed skin plywood panel system was devel
oped by the U.S. Forest Products Laboratory in 1935. The
“ stressed skin’ ’ principle was developed shortly after World War
I when the practice of covering the framework of an airplane with
a non-structural fabric was replaced by the design of a skin inte
gral with the framework. This meant that the skin aided in re 
sisting design stresses. The wood system employs panels 4* wide.
Many versions of the system are in use today.
A Type I system in steel developed in the early 1930s is StranSteel. It substitutes light-gage rolled steel studs, joists, and
rafters for the usual wood counterparts. Normal finishing materi
als can be fastened with nails since the novelty of the system is a
self-keying slot in the structural members. This system is in use
today.
Frank Lloyd Wright developed a Type H precast concrete wall
panel system in 1923. Reinforcing was grouted into the vertical
and horizontal joints. The system resulted in a cavity masonry
wall.
Very few of these systems are in use today. World War n
stopped all development work except that related to the military
effort.
The most famous building construction system to come out of
World War n was the Quonset Hut. While ugly, it achieved its
objective of covering the greatest area with the least amount of
material. It used the Stran-Steel light gage steel section. Many
post-war Quonsets were remodelled into dwellings.
The Federal Government played an important role in stimu
lating new materials’ and systems’ development in the Veterans’
Housing Program following World War n . The incentive for tech
nical development was to be a contract in which the Government
guaranteed a market for the new system . With this excellent in
centive, proponents and ideas were numerous and varied, and
their plans to execute the ideas ranged from good to bad.
The General Panel House was designed by Walter Gropius and
Konrad Wachsman, of Bauhaus fame. It had a stressed skin uni
versal panel to be used for walls, floors, roofs, and partitions.

This Type n system had a unique jointing system which worked in
all three directions. No nails were used in assembling the house;
the panels were held together with a kind of bedpost connector. A
few houses were built. The company failed in spite of advanced
technology and a market guarantee.
Lustron was the most famous building construction system of
the early 1950s. It used steel studs, and steel roof trusses,
covered over, both inside and out, with porcelain enamelled steel
panels and roof shingles. In spite of a $40 million loan from the
Federal Government and a modern production line, only a few
thousand houses were built before the company failed because of
the lack of a comprehensive marketing plan.
Illustrative of innovation in fairly conventional systems was
Mies van der Rohe’s Lake Shore Drive Apartments. Here the
structural steel framing system is exposed and the infill is both
transparent and opaque glass.
Another contemporary system in steel uses a steel frame
covered with interlocking, precast concrete panels which are
bolted to each other and to the steel frame. Still another exposes
the structural steel which is made a part of the design; even cross
bracing in tension is exposed for its design value.
Today, even the age-old brick masonry and heavy timber sys
tems are being used in new and interesting ways; but such features
as the old Flemish Bond, the heavy wood columns and roof trusses
are used with vigor and candor.
A contemporary concrete system is the lift slab. In this, the
roof and floor slabs are poured over the concrete foundation; the
steel columns placed; and the slabs raised into place with hydrau
lic jacks, then welded to the columns.
The tilt-up system is widely used, usually with concrete slabs,
but often with pointed arches for the framework of a church or a
ribbed structure. The concrete components are poured on the
site, cured, and then tilted into place.
Beginning in about 1960, important efforts were begun to de
velop the volumetric or Type HI system. This is the idea of building
a box, either in a plant or adjacent to the site, finishing it, and
then lifting it into place. The first efforts were with wood framed
boxes, stacked and placed alongside each other to make townhouses
(or row houses).
A more sophisticated version of this type was 200 dwelling
units built as “ fourplexes” in Amherst, Massachusetts. The
modules, 12 feet by 60 feet, were built in a plant near Richmond,
Virginia and trucked nearly 450 miles to the building site.
The volumetric system is not limited to housing, but may be
used to make banks, office buildings, and schools - often in struc
tures as large as 60 feet by 100 feet.
The Hilton Hotel built in San Antonio in 1967-68 used stacked
concrete boxes. Each box, about 14 feet by 30 feet, was cast and
completely finished in a plant about seven miles from the building
site. The hotel is 21 stories high and contains 496 rooms. In
stallation of boxes was at a rate of 22 per day; overall construction
time was about 30 days.
The Uniment System, another stacked concrete modular sys
tem, is notable for its elimination of redundant materials, thus
allowing ceilings to serve as floors when the modules are stacked.
Building Block Modules, Oakland, California, is developing
the Israeli Diskin System in this country. The system uses a
steel form to cast a reinforced concrete shell with two open ends.
The module is poured in a vertical position; then, after curing,
rotated 90 degrees so that the sides become walls, the floor, and
the celing. An unique feature of the system is that in stacking the
modules in checkerboard fashion, additional rooms are created
in the formed open spaces, thus eliminating the redundancy which
occurs when two walls are butted together.
An interesting idea is to use the modules as formwork for a
concrete structure. First, the finished modules are placed on a
slab foundation with separations of a few inches; next, these
spaces are filled with concrete and a slab poured over the top.
This process is repeated, placing a second layer of modules, then
pouring the walls and floor for the next layer.
A new idea for the manufacture of modules using fiberglass
filaments and plastics was developed at the University of Michigan.
Fiberglass filaments are wound on a large, room-sized mandrel
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to create the inner surface; this is impregnated with resin; foam
core panels are added; the filament winding process repeated;
resin applied; and the whole assembly cured. Finally, the mandrel
is collapsed and withdrawn, thus forming a structural module.
This brings us to 1972, in which the great force for innovation
in building construction systems is HUD’s “ Operation Breakthrough. ”
According to Secretary Romney, “ Operation Breakthrough is not
a program designed to see just how cheaply we can build a house,
but a way to break through to total new systems of housing produc
tion, financing, marketing, and land use. Operation Breakthrough
supports the development of new and innovative housing building
systems. ” These were noble words, but performance has not yet
matched these objectives. After a kind of national competition
involving 550 proposals, 21 were finally chosen for prototype con
struction at nine sites. The program is nearly two years behind
schedule. Of the systems picked, one is Type I (linear); one is
Type IV (land in the sky). Of the remainder, half are Type H
(using panels); half are Type in (volumetric modules). One fourth
of the systems use wood; three fourths use concrete, metal and
plastic. According to HUD, whatever the material used, advanced
methods of industrialized production will be used to achieve sus
tained high levels of production. Obviously, this has yet to be
accomplished.
Many large industrial complexes, such as G .E ., Alcoa,
Westinghouse, Republic Steel, Hercules, are represented. How
ever, these products of Operation Breakthrough are, in fact,
commonplace and far from imaginative or exciting. Unhappily,
these are the end products of technologists unfamiliar with the
past history of housing construction systems. The same problems
and mistaken solutions we have lived with should be apparent to
any student of housing. Operation Breakthrough must be either a
great accomplishment of the current administration, or it must
be recorded as a project full of sound and fury, signifying little.
The success or failure of the systems we have reviewed were
due, primarily, to the economic, social and political conditions
of the moment. Technology played only a secondary role.
In the area of economics, there are three possible conditions
under which a new system might succeed. These are; 1.) The
new system must do the same job as the system it is designed to
replace at a lower cost. 2.) The new system must do a better
job than the system it is designed to replace at no greater cost.
3.) Finally, the new system must have easily demonstrable new
and better qualities than the system it is designed to replace if it
is to command a higher price.
In the political arena, we are concerned with the two subjects
most often talked about by popular writers: labor practices and
building regulations. The labor unions are losing more carpenters,
masons, painters, and plumbers through old age retirement than
the number of new men being gained through a thoroughly obsolete
apprentice system. Thus, we can look forward to a shortage of
craftsmen and a coming period in which the most skilled will be
working year around in industrialized housing plants. Building
codes, which are necessary to safeguard the health, safety, and
public welfare, have long been a favorite whipping boy for the con
struction industry. It has been popular to blame most of the short
comings of the new industry on building codes. By and large, codes
have been modernized and standardized; and, more importantly,
their administration is falling into the hands of trained professionals.
I foresee few problems with labor or building codes.
Probably the greatest problem facing the innovator in building
systems is one not commonly recognized. It is the social one.
Our long background and schoolboy history has taught that handbuilt, craft-fabricated building is better than construction that has
been “ prefabricated. ” The notion still persists that factory-built
houses are “ chicken coops” - i.e . shabbily built. Yet, curiously,
we accept production-line automobiles; we clothe both men and
women in machine-made garments; and our doctors prescribe
modern pharmaceuticals made in spotless factories rather than
the concoctions of the neighborhood alchemist.
It is in the area of social acceptance that new industrialized
building construction systems face their greatest challenge. If
they add to the individual’s and to the community’s wellbeing, they
will succeed.

